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HUMAN CYCLOOXYGENASE-2 CDNA AND 
ASSAYS FOR EVALUATING 
CYCLOOXYGENASE-2 ACTIVITY 

RELATED U.S. APPLICATION DATA 

This application is a Conlinuation-in-Part of U.S. Scr. No. 
07/994,760, filed Dec. 22, 1992, now abandoned 

BACKGROUND OF THE INVENTION 

This invention relates to human cyclooxygenase-2 cDNA 
and assays for evaluation cyclooxygenase-1 and cyclooxy- 
genase-2 activity. 

Non-steroidal, antiinflammatory drags exert most of their 
antiinflaminaiory, analgesic and antipyretic activity and 
inhibit hormone-induced uterine contractions and certain 
types of cancer growth through inhibition of prostaglandin 
C/H synthase, also known as cyclooxygenase. Up until 
recently, only one form of cyclooxygenase had been char- 
acterized, this corresponding to cyclooxygenase-1 or the 
constitutive enzyme, as originally identified in bovine semi- 
nal vesicles. Recently the gene for an inducible form of 
cyclooxygenase (cyclooxygenase-2) has been cloned, 
sequenced and characterized from chicken, murine and 
human sources. This enzyme is distinct from the cyclooxy- 
genase-1 which has also been cloned, sequenced and char- 
acterized from sheep, murine and human sources. The 
second form of cyclooxygenase, cyclooxygenase-2, is rap- 
idly and readily inducible by a number of agents including 
mitogens, endotoxin, hormones, cytokines and growth fac- 
tors. As prostaglandins have physiological and pathological 
roles, we have concluded that the constitutive enzyme, 
cyclooxygenase-1, is responsible, in large part, for endog- 
enous basal release of prostaglandins and hence is important 
in their physiological functions such as the maintenance of 
gastrointestinal integrity and renal blood flow. In contrast, 
we have concluded that the inducible form, cyclooxygenase- 
2, is mainly responsible for the pathological effects of 
prostaglandins where rapid induction of the enzyme would 
occur in response to such agents as inflammatory agents, 
hormones, growth factors, and cytokines. Hius, a selective 
inhibitor of cyclooxygenase-2 will have similar antiinflam- 
matory, antipyretic and analgesic properties of a conven- 
tional non-steroidal antiinflammatory drug (NSAID), and in 
addition would inhibit hormone-induced uterine contrac- 
tions and have potential anti-cancer effects, but will have a 
chminished ability to induce some of the mechanism-based 
side effects. In particular, such a compound should have a 
reduced potential for gastrointestinal toxicity, a reduced 
potential fox renal side effects, a reduced effect on bleeding 
times and possibly a lessened ability to induce asthma 
attacks in aspirin-sensitive asthmatic subjects. 

Accordingly, it is an object of this invention to provide 
assays and materials to identify and evaluate pharmacologi- 
cal agents that are potent inhibitors of cyclooxygenase-2 and 
cyclooxygenase-2 activity. 

It is also an object of this invention to provide assays and 
materials to identify and evaluate pharmacological agents 
that preferentially or selectively inhibit cyclooxygenase 2 
and cyclooxygenase 2 activity over cyclooxygenase 1 and 
cyclooxygenase 1 activity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 Full length amino acid sequence of a human 
cyclooxygenase-2 protein. 
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FIG. 2 Full length nucleotide sequence of a cloned human 
cyclooxygenase-2 complementary DNA obtained from 
human osteosarcoma cells. 

SUMMARY OF THE INVENTION 

The invention encompasses a human osteosarcoma cell 
cyclooxygenase-2 cDNA and a human cyclooxygenase-2 
protein. 

The invention also encompasses assays to identify and 
evaluate pharmacological agents that are potent inhibitors of 
cyclooxygenase 2 and cyclooxygenase 2 activity. The inven- 
tion also encompasses assays to identify and evaluate phar- 
macological agents that preferentially or selectively inhibit 
cyclooxygenase-2 and cyclooxygenase-2 activity over 
cyclooxygenase-1 . 

DETAILED DESCRIPTION OF THE 
INVENTION 

In one embodiment the invention encompasses an assay 
for determining the cyclooxygenase-2 activity of a sample 
comprising the steps of: 

(a) adding 

(1) a human osteosarcoma cell preparation, 

(2) a sample, said sample comprising a putative 
cyclooxygenase-2 inhibitor, and 

(3) arachidonic acid; and 

(b) determining the amount of prostaglandin Ej produced 
in step (a). 

For purposes of this specification human osteosarcoma 
cells are intended to include, but are not limited to human 
osteosarcoma cell lines available from ATCC Rockville, Md 
such as osteosarcoma 143B is (ATTC CRL 8303) and 
35 osteosarcoma 143B PML BK TK (ATCC CRL 8304. We 
have found useful, osteosarcoma 143.98.2 which was origi- 
nally obtained from Dr. William Sugden, McArdle Labora- 
tory for Cancer Research, University of Wisconsin-Madi- 
son. We have now made a Budapest Treaty deposit of 
40 osteosarcoma 143.98.2 with ATCC on Dec. 22, 1992 under 
the identification Human osteosarcoma 143 98 2 (now 
ATCC CRL 11226). 

For purposes of this specification the osteosarcoma cell 
preparation shall be denned as an aqueous mono layer or 
4J suspension of human osteosarcoma cells, a portion of which 
will catalyze the synthesis of PGE2. Furthermore the prepa- 
ration contains a buffer such as HANK'S balanced salt 
solution. 

Within this embodiment is the genus where the human 
50 osteosarcoma cells arc from the osteosarcoma 143 family of 
cell types mcluding osteosarcoma 143B and 143B PMLBK 
TK; we have used osteosarcoma 143.98.Z 

For purposes of this specification the osteosarcoma cell 
preparation also includes human osteosarcoma microsomes, 
55 said a portion of which will catalyze the synthesis of PGE^ 
The microsomes may be obtained as described below from 
any of the osteosarcoma cell lines herein disclosed. 

In a second embodiment the invention encompasses a 
composition comprising 

60 (a) an osteosarcoma cell preparation, having 10 3 to 10 9 
osteosarcoma cells per cc of cell preparation, and 
(b) 0.1 to 50 ul of peroxide-free arachidonic acid per cc 

of cell preparation. 
Topically the cell preparation will be grown as a mono- 
65 layer aim used in an aliquot of 8.2x10* to 2x10 s cells per 
well (of approximately 1 cc working volume) as described 
in the protocol below. Arachidonic acid is typically used in 
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amounts of 1 to 20 ul per well of approximately 1 cc working 
volume. 

When osteosarcoma microsomes are used instead of 
whole cells, the cell preparation will typically comprise 50 
to 500 ug of microsomal protein per cc of cell preparation. 
Arachidorric acid is typically used in amounts of 1 to 20 pi 
acid per cc of cell preparation. 

In a third embodiment the invention encompasses an 
assay for detenmning the cyclooxygenase-l activity of a 
sample comprising the steps of. 

(a) adding 

(1) a cell preparation, said cells capable of expressing 
cyclooxygenase-l, but not expressing cyclooxygc- 
nase-2, 

(2) a sample, said sample comprising a putative 
cyclooxygenase-l inhibitor; 

(3) arachidonic acid; and 

(b) determining the amount of prostaglandin produced 
in step (a). 

Fox purposes of this specification cells capable of express- 
ing cyclooxygenase-l but incapable of expressing cyclooxy- 
gcnase-2, includes the human histiocytic lymphoma cells 
such as U-937 (ATCC CRL 1593). Such cells are hereinafter 
described as COX-1 cells. 

For purposes of this specification the cell preparation shall 
be defined as an aqueous suspension of cell, typically at a 
concentration of 8x10 s to IxlO 7 cells/ml. The suspension 
will contain a buffer as defined above. 

In a fourth embodiment the invention encompasses a 
human cycIooxygenase-2 which is shown in FIG. 1. This 
Cyclooxygenase-2 is also identified as SEQ. ID. NO: 10:. 

In a fifth embodiment the invention encompasses a human 
Cyclooxygenase-2 cDNA which is shown in FIG. 2 or a 
degenerate variation thereof. This Cyclooxygenase-2 cDNA 
is also identified as SEQ. ID. NO:ll:. 

Within this embodiment is the reading frame portion of 
the sequence shown in FIG. 2 encoding the cyclooxyge- 
nase-2 shown in FIG. 1; said portion being bases 97 through 
1909. 

As will be appreciated by those of skill in the art, there is 
a substantia] amount of redundency in the set of codons 
which translate specific amino acids. Accordingly, the inven- 
tion also includes alternative base sequences wherein a 
codon (or codons) are replaced with another codon, such that 
the amino acid sequence translated by the DNA sequence 
remains unchanged. For purposes of this specification, a 
sequence bearing one or more such replaced codons will be 
defined as a degenerate variation. Also included are muta- 
tions (exchange of individual amino acids) which produce 
no significant effect in the expressed protein. 

In a sixth embodiment the invention encompasses a 
system for stable expression of cyclooxygenase-2 as shown 
in FIG. 2 or a degenerate variation thereof comprising: 

(a) an expression vector such as vacinia expression vector 
pTMl, baculovirus expression vector pJVETLZ, 
pUL941 and pAcmPl INVITROGEN vectors pCEP4 
and pcDNAl; and 

(b) a base sequence encoding human cyclooxygenase-2 as 
shown in FIG. 2 or a degenerate variation thereof. 

In one genus of this embodiment cyclooxygenase-2 is 
expressed in Sf9 or Sf21 cells (INVITROGEN). 

A variety of mammalian expression vectors may be used 
to express recombinant cyclooxygenase-2 in mammalian 
cells. Commercially available mammalian expression vec- 
tors which may be suitable for recombinant cyclooxygc- 
nase-2 expression, include but are not limited to, pMClneo 
(Stratagene), pXTl (Stratagene), pSG5 (Stratagem;), EBO- 
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pSV2-neo (ATCC 37593) pBFV-l(8-2) (ATCC 37110), 
pdBPV-MMTrteo(342-12) (ATCC 37224), pRSVgpt (ATCC 
37199), pRSVneo (ATCC 37198), pSV2-<ihfr (ATCC 
37146), pUCIag (ATCC 37460), and gZD35 (ATCC 
5 37565). 

DNA encoding cyclooxygenase-2 may also be cloned into 
an expression vector for expression in a recombinant host 
cell. Recombinant host cells may be prokaryotic or cukary- 
otic, including but not limited to bacteria, yeast, mammalian 

10 cells including but not limited to cell lines of human, bovine, 
porcine, monkey and rodent origin, and insect cells includ- 
ing but not limited to drosophila derived cell lines. Cell Ones 
derived from mammalian species which may be suitable and 
which are commercially available, include but are not lim- 

15 ited to, CV-1 (ATCC CCL 70), COS-1 (ATCC CRL 1650), 
COS-7 (ATCC CRL 1651), CHO-K1 (ATCC CCL 61), 3T3 
(ATCC CCL 92), NIH/3T3 (ATCC CRL 1658), HeLa 
(ATCC CCL 2), C127I (ATCC CRL 1616), BS-C-1 (ATCC 
CCL 26) and MRC-5 (ATCC CCL 171). 

20 The expression vector may be introduced into host cells 
via any one of a number of techinques including but not 
limited to transformation, transfection, protoplast fusion, 
and electroporation. The expression vector-containing cells 
are clonally propagated and individually analyzed to deter- 

25 mine whether they produce cyclooxygenase-2 protein. Iden- 
tification of cyclooxygenase-2 expressing host cell clones 
may be done by several means, including but sot limited to 
immunological reactivity with anti -cyclooxygenase-2 anti- 
bodies, and the presence of host cell-associated cyclooxy- 

30 genase-2 activity. 

Expression of cyclooxygenase-2 DNA may also be per- 
formed using in vitro produced synthetic mRNA. Synthetic 
mRNA can be efficiently translated in various cell-free 
systems, including but not limited to wheat germ extracts 

55 and reticulocyte extracts, as well as efficiently translated in 
cell based systems, including but not limited to microinjec- 
tion into frog oocytes, with microinjection into frog oocytes 
being preferred. 
To determine the cyclooxygenase-2 cDNA sequences) 

40 that yields optimal levels of enzymatic activity and/or 
cyclooxygenase-2 protein, cyclooxygenase-2 cDNA mol- 
ecules including but not limited to the following can be 
constructed: the full-length open reading frame of the 
cyclooxygenase-2 cDNA( base 97 to base 1909). All con- 

45 structs can be designed to contain none, all or portions of the 
3' untranslated region of cyclooxygenase-2 cDNA (base 
1910-3387). 

Cyclooxygenase-2 activity and levels of protein expres- 
sion can be determined following the introduction, both 

so singly and in combination, of these constructs into appro- 
priate host cells. Following determination of the cyclooxy- 
genase-2 cDNA cassette yielding optimal expression in 
transient assays, this cyclooxygenase-2 cDNA construct is 
transferred to a variety of expression vectors, including but 

55 not limited to mammalian cells, baculowus-infected insect 
cells, & Coli, and the yeast S. cerevisiae. 

Mammalian cell transfectants, insect cells and inicroin- 
jected oocytes are assayed for both the levels of cyclooxy- 
genase-2 enzymatic activity and levels of cyclooxygenase-2 

60 protein by the following methods. The first method for 
assessing cyclooxygenase-2 enzymatic activity involves the 
incubation of the cells in the presence of 20 uM arachidonic 
acid for 1 0 minutes and measuring the PGE^ production by 
HA. 

65 The second method for detecting cyclooxygenase-2 activ- 
ity involves the direct measurement of cydooxygenase-2 
activity in cellular lysates or microsomes prepared from 
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mammalian cells transfected with cyclooxygenase-2 cDNA 
or oocytes injected with cyclooxygenase-2 mRNA. This 
assay can be performed by adding arachidonic add to 
lysatcs and measuring the PGE2 production by HA. 

Levels of cyclooxygenase-2 protein in host cells is quan- 
titated by immunoaffinity and/or ligand affinity techniques. 
cyclooxygenase-2 specific affinity beads or cyclooxyge- 
nase-2 specific antibodies are used to isolate ^S-methionifle 
labelled or unlabel! ed cyclooxygenase-2 protein. Labelled 
cyclooxygenase-2 protein is analyzed by SDS-PAGR Unla- 
belled cyclooxygenase-2 protein is detected by Western 
blotting, EOS A or R1A assays employing cyclooxygenase-2 
specific antibodies. 

Following expression of cyclooxygenase-2 in a recombi- 
nant host cell, cyclooxygenase-2 protein may be recovered 
to provide cyclooxygenase-2 in active form, capable of 
participating in the production of PGE^ Several cyclooxy- 
genase-2 purification procedures are available and suitable 
for use. As described above for purification of cyclooxyge- 
nasc-2 from natural sources, recombinant cyclooxygenase-2 
may be purified from cell lysates and extracts, by various 
combinations of, or individual application of salt fraction- 
ation, ion exchange chromatography, size exclusion chro- 
matography, hydroxylapatite adsorption chromatography 
and hydrophobic interaction chromatography. 

In addition, recombinant cyclooxygenase-2 can be sepa- 
rated from other cellular proteins by use of an irnmuno- 
affimty column made with monoclonal or polyclonal anti- 
bodies specific for full length nascent cyclooxygenase-Z 
THE WHOLE CELL ASSAYS 

For the cyclooxygenase-2 and cyclooxygenase-1 assays, 
human osteosarcoma cells were cultured and used in ali- 
quots of typical 8x1 0 4 to 2x1 0* cells/weU. We have found it 
convenient to culture the cells in 1 ml of media in 24-well 
multidishes (NUNCLON) until essentially confluent The 
number of cells per assay may be determined from replicate 
plates prior to assays, using standard procedures. Prior to the 
assay, the cells are washed with a suitable buffer such as 
Hanks balanced salts solution (HBSS; SIGMA), preferably 
prewarmed to 37° C Approximately 0.5 to 2 ml is then 
added per well. 

Prior to the assays, the appropriate number of COXA 
cells (10 5 to 10 7 cells/ml) are removed from cultures and 
concentrated such as by centrifugation at 300xg for 10 
minutes. The supernatant is decanted and cells washed, in a 
suitable buffer. Preferably, cells are again concentrated such 
as by centrifugation at 300xg for 10 minutes and resus- 
pended to a final cell density of approximately 1.5x10? 
cells/ml, preferably in prewarmed HBSS. 

Following incubation of human osteosarcoma cells or 
COX-1 cells in a suitable buffer, test compound and/or 
vehicle samples (such as DMSO) are added, and the result- 
ing composition gently mixed. Preferably the assay is per- 
formed in triplicate. The arachidonic acid is then added in 
proportions as described above. We prefer to incubate the 
cells for approximately 5 minutes at 30° to 40° C, prior to 
the addition of the of peroxide-free arachidonic acid (CAY- 
MAN) diluted in a suitable buffer such as HBSS. Control 
samples should contain ethanol or other vehicle instead of 
arachidonic acid A total reaction incubation time of 5 to 10 
minutes at to 37* C has proven satisfactory. For osteosar- 
coma cells, reactions may be stopped by the addition HC1 or 
other acid, preferably combined with mixing, or rapid 
removal of media directly from cell monolayers. For U-937 
cells, reactions may be advantageously be performed in 
multiwell dishes or microcentrifuge tubes and stopped by 
the addition of HQ or other mineral acid typically, samples 
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assayed in 24-rnultidishes art then transferred to microcen- 
trifuge tubes* and all samples frozen on dry ice. Similarly, 
samples are typically stored at -20* C or below prior to 
analysis of PGEj levels. 

5 Quantitation of PGI^ concentrations 

Stored osteosarcoma 143 and U-937 samples are thawed, 
if frozen, and neutralized, if stored in acid. Samples are then 
preferably mixed, such as by vortexing, and PGEj levels 
measured using a PGE^ enzyme immunoassay, such as is 

10 commercially available from CAYMAN. We have advanta- 
geously conducted the plating, washing and colour devel- 
opment steps as an automated sequence using a BIOMEK 
1000 (BECKMAN). In our preferred procedure, following 
the addition of FT .1 .MANS reagent, color development is 

IS monitored at 415 nm using the BIORAD model 3550 
microplate reader with MICROPLAIE MANAGER/PC 
DATA ANALYSIS software. Levels of PGEj are calculated 
from the standard curve, and may optionally detenxnned 
using BECKMAN IMMUNOFIT EIA/RIA analysis soft- 

20 ware. 

In the absence of the addition of exogenous aracMdonic 
acid, levels of PGEj in samples from both human osteosa- 
rcoma cells and COX-1 cells are approximately typically 0.1 
to 20 ng/10 6 cells. In the presence of arachidonic acid, 

25 levels of PGE2 in samples from these cell lines increased to 
approximately 5 to 10 fold in osteosarcoma cells and 50 to 
100 fold in COX-1 cells. For purposes of this specification, 
cellular cyclooxygenase activity in each cell line is defined 
as the difference between PGEj levels in samples incubated 

30 in the absence or presence of arachidonic acid, with the level 
of detection being approximately 10 pg/santple. Inhibition 
of PGEj synthesis by test compounds is calculated between 
PGEj levels in samples incubated in the absence or presence 
of arachidonic acid. 

35 Microsomal cyclooxygenase assay 

Human osteosarcoma cells may be grown and maintained 
in culture as described above. 10 3 to 10 7 cells are plated in 
tissue culture plates such as available from NUNCLON and 
maintained in culture for 2 to 7 days. Cells may be washed 

40 with a suitable buffer such phosphate buffered saline, pH 
7.2, (PBS). Cells are then removed from the plate, preferably 
by scraping into PBS. Samples may then be concentrated, 
such as by centrifuging at 400xg for 10 minutes at 4° C Cell 
pellets or other concentrate are either stored at a suitable 

45 reduced temperature such as -80° Q, or processed imme- 
diately. All further manipulations of the cells are preferably 
performed at 0°-4° C. Cell pellets or concentrates obtained 
from two tissue culture plates are resuspended in a standard 
protective buffer, such as TYis-Cl, pH 7.4, containing 10 mM 

50 EDTA, 1 mM phenyhnethylsulfonylfiuoride, 2 ug/ml leu- 
peptin, 2 ug/ml aprotinin, and 2 jig/ml soybean trypsin 
inhibitor and blended or homogenized, such as by sonication 
for threexS seconds using a 4710 series ultrasonic homog- 
enizer (COLE-PARMER) set at 75% duty cycle, power level 

55 3. Enriched microsomal preparations are then prepared, such 
as by deferential centrifugation to yield an enriched microso- 
mal preparation. In our prefered procedure, the first step 
consists of four sequential centrifugations of the cell homo- 
genate at 10,000xg for 10 min at 4° C. After each centrifu- 

60 gation at 10,00Qxg me supernatant is retained and recentri- 
fuged. Following the fourth centrifugation, the supernatant 
is centrifuged at 1 00,000xg for 60-90 min at 4° C to pellet 
the microsomal fractioa The 100,000xg supernatant is 
discarded and the 100,000xg microsomal pellet is resus- 

65 pended in a suitable buffer such as 0.1M Tris-Cl, pH 7.4, 
containing 1 0 mM EDTA and 0.25 mg/ml delipidi2ed bovine 
serum albumin (COLLABORATIVE RESEARCH INCOR- 
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POR ATED). The resulting microsomal suspension is recen- 
trifuged such as at 1 00,00Qxg for 90 mm at 4° C to recover 
the microsomes. Following this centrifugation the microso- 
mal pellet is resuspended in a stabilizing buffer; such as 0.1 
M Tris-Q, pH 7.4, containing 10 mM EDTA at a protein 
concentration of approximately 2-5 mg/mL Aliquots of 
osteosarcoma microsomal preparations may be stored at low 
temperature, such as at -80° C. and thawed prior to use. 

As may be apreciated by those of skill in the art. Human 
or serum albumin or other albumin, may be used as an 
alternative to BSA. Applicants have found that while the 
procedure may be carried out using standard BSA or other 
albumin, delipidized BSA is preferred. In particular, by use 
of delipidized BSA, endogenous microsomal arachidonic 
acid can be reduced by a factor of 2 or greater, such that the 
arachidonic acid produced in the assay constituted at least 
90% of the total As may be appreciated by those of skin in 
the art, other lipid adsorbing or sequestering agents may also 
be used. For purposes of this specification microsomes from 
which the exogenous arachidonic acid has been reduced by 
a factor of approximately 2 or more shall be considered to 
be microsomes that are substantially free of exogenous 
arachidonic acid. 

COX- 1 cells are grown and maintained in culture as 
described above, washed in a suitable buffer, such as PBS, 
and cell pellets or concentrates stored, preferably at -80° C 
CeU pellets or concentrates corresponding to approximately 
3 0 9 to 10 10 cells were resuspended in a suitable buffer, such 
as 10 ml of 0.1M Iris-HQ, pH 7.4 and blended or homog- 
enized, such as by sonication for 2x5 seconds and 1x10 
seconds using a 4710 series ultrasonic homogenizer (COLE- 
PARMER) set at 75% duty cycle, power level 3. The cell 
homogenate is then concentrated and resuspended. In our 
preferred procedure the cell homogenate is centrifuged at 
1 0,000xg for 10 minutes at 4° C. The supernatant fraction is 
then recentrifuged at 100,000xg for 2 hours at 4° C, and the 
resulting microsomal pellet resuspended in a suitable buffer, 
such as 0.1 M Tris-HCl, 1 mM EDTA, pH 7.4 to a protein 
concentration of approximately 1 to 10 mg/m$. Aliquots of 
osteosarcoma microsomal preparations may be stored at 
reduced temperature and thawed prior to use- 
Assay procedure 

Microsomal preparations from Human osteosarcoma and 
COX-1 cells are diluted in buffer.such as 0.1M Iris-HQ, 10 
mM EDTA, pH 7.4, (buffer A) to a protein concentration of 
50 to 500 ng/mh 10 to 50 ul of test compound or DM SO or 
other vehicle is added to 2 to 50 ul of buffer A. 50 to 500 ul 
of microsome suspension is then added, preferably followed 
by mixing and incubation for 5 minutes at room temperature. 
Typically, assays are perforated in cither duplicate or trip- 
licate. Peroxide-free arachidonic acid (CAYMAN) in buffer 
A is then added to a final concentration of 20 uM arachidonic 
acid, followed by incubation, preferably at room tempera- 
ture for 10 to 60 minutes. Control samples contained ethanol 
or other vehicle instead of arachidonic acid. Following 
incubation, the reaction was terminated by addition of HQ 
or other mineral acid. Prior to analysis of PGEj levels, 
samples were neutralized. Levels of PGEj in samples may 
be quantitated as described for the whole cell cyclooxyge- 
nasc assay, 

Cyclooxygenase activity in the absence of test compounds 
was determined as the difference between PCB^ levels in 
samples incubated in the presence of arachidonic acid or 
ethanol vehicle, and reported as ng of PGE^mg protein. 
Inhibition of PGEj synthesis by test compounds is calcu- 
lated between PGEj levels in samples incubated in the 
absence or presence of arachidonic acid. 
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EXAMPLE 1 

WHOLE CELL CY CLOOXYGEN ASE ASSAYS 

5 Human osteosarcoma 143.98,2 cells were cultured in 
DULBECCOS MODIFIED EAGLES MEDIUM (SIGMA- 
)containirig 3.7 g/1 NaHC0 3 (SIGMA), lOOpg/l gexrtamicin 
(GIBCO), 25 mM HEPES, pH 7.4 (SIGMA), 100 IU/ml 
penicillin (FLOW LABS), 100 ug/ml streptomycin (FLOW 

l0 LABS), 2 mM gJutamine (FLOW LABS) and 10% fetal 
bovine serum (GIBCO), Cells were maintained at 37° C, 
6% C0 2 in 150 cm 2 tissue culture flasks (CORNING). For 
routine subcclturing, media was removed from confluent 
cultures of cells, which were then incubated with 0.25% 

35 trypsin/0. 1 % EDTA (JRH BIOSCIENCES) and incubated at 
room temperature for approximately 5 minutes. The trypsin 
solution was then aspirated, and cells resuspended in fresh 
medium and dispensed at a ratio of 1:10 or 1:20 into new 
flasks. 

20 U-937 cells (ATCC CRL 1593) were cultured in 89% 
RPM1-1640 (SIGMA), 10% fetal bovine scram (GIBCO), 
containing 50 IU/ml penicillin (Flow labs), 50 ug/ml strep- 
tomycin (FLOW LABS) and 2 g/1 NaHC0 3 (SIGMA). Cells 
were maintained at a density of 0.1 -2.0x1 OVml in 1 liter 

25 spinner flasks (Coming) at 37° C, 6% C0 2 . For routine 
subculiuring, cells were diluted in fresh medium and trans- 
ferred to fresh flasks. 
ASSAY PROTOCOL 

For cyclooxygenase assays, osteosarcoma 143.98.2 cells 

30 were cultured in 1 ml of media in 24- well multidishes 
(NUNCLON) until confluent The number of cells per assay 
was determined from replicate plates prior to assays, using 
standard procedures. Immediately prior to cyclooxygenase 
assays, media was aspirated from cells, and the cells washed 

35 once with 2 ml of Hanks balanced salts solution (HBSS; 
SIGMA) prewarmed to 37° C. 1 ml of prewarmed HBSS 
was then added per well. 

Immediately prior to cyclooxygenase assays, the appro- 
priate number of U-937 cells were removed from spinner 

40 cultures and centrifuged at 300xg for 10 minutes. The 
supernatant was decanted and cells washed in 50 ml of 
HBSS prewarmed to 37° C. Cells were again pelleted at 
300xg for 10 minutes and resuspended in prewarmed HBSS 
to a final cell density of approximately l^xlO 6 cells/ml. 1 

45 ml aliquots of cell suspension were transferred to 1.5 ml 
rnicrocentrifuge rubes or 24-well multidishes (Nunclon). 

Following washing and resuspension of osteosarcoma 
1 43 and L-937 cells in 1 ml of HBSS, 1 ul of test compounds 
or DMSO vehicle were added, and samples gently mixed. 

50 All assays were performed in triplicate. Samples were then 
incubated for 5 minutes at 37° C, prior to the addition of 10 
ul of peroxide-free arachidonic acid (CAYMAN) diluted to 
1 uM in HBSS. Control samples contained ethanol vehicle 
instead of arachidonic acid Samples were again gently 

55 mixed and incubated for a further 10 minutes at 37° C. For 
osteosarcoma cells, reactions were then stopped by the 
addition of 100 ul of IN HQ, with mixing, or by the rapid 
removal of media directly from cell monolayers. For U-937 
cells, reactions in multiwell dishes or rmcrocentrifuge tubes 

60 were stopped by the addition of 100 pi of IN HC1, with 
mixing. Samples assayed in 24- multidishes were then trans- 
ferred to microcentrifuge tubes, and all samples were frozen 
on dry ice. Samples were stored at -20° C. prior to analysis 
of PGEj levels. 

65 QUANTITATION OF PGEj CONCENTRATIONS 

Osteosarcoma 143.98.2 and U-937 samples were thawed, 
and 100 pi of IN NaOH added to samples to which IN HQ 
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had been added prior to freezing. Samples were then mixed 
by vortexing, and PGEj levels measured using a PGE, 
enzyme immunoassay (CAYMAN) according to the manu- 
facturers instructions. The plating, washing and colour 
development steps of this procedure were automated using 
a BIOMEK 1000 (BECKMAN), Following the addition of 
ELLMANS reagent, color development was monitored at 
415 nm using the Biorad model 3550 microplate reader with 
microplale manager/PC data analysis software. Levels of 
PGEj were calculated from the standard curve determined 
using BECKMAN IMMUNOHT EIA/RIA analysis soft- 
ware. 
RESULTS 

In the absence of the addition of exogenous arachidonic 
acid, levels of PGEj in samples from both osteosarcoma 143 
cells and U-937 cells were generally 2 ng/10 6 cells. In the 
presence of arachidonic acid, levels of PGEj in samples 
from these cell lines increased to approximately 5 to 10 fold 
in osteosarcoma cells and 50 to 100 fold in U-937 cells. 

Table 1 show the effects of a series of non-steroidal 
antiinflammatory compounds on PGEj synthesis by human 
osteosarcoma 143 cells and U-937 cells in response to 
exogenous arachidonic acid. 



TABLE 1 




CONCENTRA- 


osteosarcoma 143 


U-937 


SAMPLE 


TION 


PGE2 


PGE2 


nM 


ng/10* cells 


-AA 

AA, no inhibitor 
NS-389 


100.0 


1.3 
8.6 
0.8 


0.15 
17.7 
18.9 




30.0 


1.1 


17.7 




10.0 


3.0 


20.4 




3.0 


2.7 


18.3 




1.0 


3.2 


17.7 


ibuprofen 


0.3 
100,000 


8.3 
25 


183 
1.1 




10,000 


5.7 


5.5 




1,000 


5.4 . 


143 




300 


10.8 


15.8 




100 


1X8 


17.1 




10 


12.5 


16.4 



EXAMPLE 2 

MICROSOMAL CYCLOOXYGENASE ASSAY 

Osteosarcoma 143.98.2 cells were grown and maintained 
m culture as described above. 3x10* cells were plated in 
245x245x20 mm tissue culture plates (NUNCLON) and 
maintained in culture for 5 days. Cells were washed twice ' 
with 100 ml of phosphate buffered saline, pH IX (PBS) and 
then scraped from the plate with a sterile rubber scraper into 
PBS. Samples were then centrifuged at 400xg for 10 min- 
utes at 4° C. Cell pellets were either stored at -*0° C until 
use or processed immediately. All further manipulations of 
the cells were performed at 0°-*° C Cell pellets obtained 
from two tissue culture plates were resuspended m 5 ml of 
0.1M TOs-Cl, pH 7.4, containing 10 mM EDTA, 1 mM 
phenyhnethylsulfonylfluoride, 2 ug/ml leupeptin, 2 ug/ml 
aprotinin, and 2 ug/ml soybean trypsin inhibitor and soni- 
cated for threexS seconds using a 4710 series ultrasonic 
homogenizer (Cole-Parmer) set at 75% duty cycle, power 
level 3. The cell homogenates were then subjected to a 
differential centrifugation protocol to yield an enriched 
microsomal preparation. The first step consisted of four < 
sequential centrifugations of the cell homogenate at 
lO.OOOxg for 10 min at 4° C After each centriftigaiion at 
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10,000xg the supernatant was retained and recentrifuged 
Following the fourth centrifugation, the supernatant was 
centrifuged at 1 00 T OOOxg for 60-90 min at 4° C to pellet the 
microsomal fraction. The lOO.OOOxg supernatant was dis- 
5 carded and the 100,000xg microsomal pellet was resus- 
pended in 8 mis of O.lMTris-CI, pH 7.4, containing 10 mM 
EDTA and 0.25 mg/ml delipidized bovine serum albumin 
(COLLABORATIVE RESEARCH INCORPORATED). 
The resulting microsomal suspension was recentrifuged at 
10 100,000xg for 90 nriri at 4° C. to recover the microsomes. 
Following this centrifugation the microsomal pellet was 
resuspended in O.IM lYis-Cl, pH 7.4, containing 10 mM 
EDTA at a protein concentration of approximately 2-5 
J5 mg/ml. 500 ul aliquots of osteosarcoma microsomal prepa- 
rations were stored at -80° C. and thawed on ice immedi- 
ately prior to use. 

U-937 cells were grown and maintained in culture as 
described above, washed in PBS, and cell pellets frozen at 
20 -80* C Cell pellets corresponding to approximately 4x10* 
cells were resuspended in 10 ml of O.IM Tris-HCl, pH 7.4 
and sonicated for 2x5 seconds and 1x10 seconds using a 
4710 series ultrasonic homogenizer (COLE-PARMER) set 
at 75% duty cycle, power level 3. The cell homogenate was 
25 then centrifuged at 10,00Qxg for 10 minutes at 4° C The 
supernatant fraction was then recentrifuged at 1 00,000xg for 
2 hours at 4° C, and the resulting microsomal pellet 
resuspended in 0.1M Tris-HQ, 1 mM EDTA, pH 7.4 to a 
protein concentration of approximately 4 mg/ml. 500 pi 
30 aliquots of osteosarcoma microsomal preparations were 
stored at -80° C and thawed on ice immediately prior to 
use. 

ASSAY PROTOCOL 
Microsomal preparations from osteosarcoma 143 and 

3 5 U-937 cells were diluted in 0.1M Tris-HCl, 10 mM EDTA, 
pH 7.4, (buffer A) to a protein concentration of 100 Mg/ml. 
All subsequent assay steps, including the dilution of stock 
solutions of test compounds, were automated using the 
BIOMEK 100 (BIORAD). 5 ul of test compound or DMSO 

40 vehicle was added with mixing, to 20 ul of buffer A in a 
9-well minitube plate (BECKMAN). 200 ul of microsome 
suspension was then added, followed by. mixing and incu- 
bation for 5 minutes at room temperature. Assays were 
performed in either duplicate or triplicate. 25 uJ of peroxide- 

45 free arachidonic acid (CAYMAN) in buffer A is then added 
to a final concentration of 20 uM araddonic acid, with 
mixing, followed by incubation at room temperature for 40 
minutes. Control samples contained ethanol vehicle instead 
of arachidonic acid. Following the incubation period, the 
50 reaction was terrninated by the addition of 25 ul of IN HC1, 
with mixing. Prior to analysis of PGEj levels, samples were 
neutralized by the addition of 25 ul of IN NaOH. Levels of 
PGEj in samples were quantitated by enzyme immunoassay 
(CAYMAN) as described for the whole cell cyclooxygenase 

55 assay. 



TABLE II 

MICROSOMAL ASSAY RESULTS - SET 1 



60 



S5 





143.98.2 


U-937 


DRUG 


% Inhibition 


% Inhibition 


100 aM DuP-697 


92 


6 


3 uM DuP-697 


93 


48 


100 dM Flufenanne 


16 


5 


3 jaM Fhifenamic 


36 


0 


100 qM Flosnlide 


13 


0 


3 uM Flosufide 


57 


0 
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TABLE H-continued 

MICROSOMAL ASSAY RESULTS - SET 1 





143.98.2 


U-937 


DRUG 


% Inhibition 


% Inhibition 


100 nM Zoimpiisc 


45 


30 


3 uM Zonnpirac 


66 


67 


100 nM NS-398 


45 


0 


3dMNS-398 


64 


0 


100 uM Diclofenac 


70 


49 


3 dM Diclofenac 


86 


58 


100 nM SuKodnc sulfide 


19 


0 


3 aM Sattnd&c sulfide 


33 


4 


100nMFK-33U 


20 


0 


3uMFK-33ll 


26 


0 


100 nM Fhmbpnafen 


55 


57 


3 uM Fluribprofen 


58 


89 



EXAMPLE 3 



REVERSE TRANSCRIPTASE/POLYMERASE 
CHAIN REACTION 

In order to confirm the type of cyclooxygenase mRNA 
present in osteosarcoma 143.98.2 cells, a reverse tran- 
scriptase polymerase chain reaction (RT-PCR) analytical 
technique was employed Total RNA was prepared from 
osteosarcoma cells harvested 1-2 days after the cultures had 
reached confluence. The cell pellet was resuspcndcd in 6 ml 
of 5M guanidine monothiocyanate containing 10 mM 
EDTA, 50 mM Tris-Cl, pH 7.4, and 8% (w/v) p-mercapto- 
ethanol. The RNA was selectively precipitated by addition 
of 42 ml of 4M LiCl, incubation of the solution for 16 h at 
4° C, followed by recovery of the RNA by centrifugation at 
10,000xg for 90 min at 4° C. The RNA pellet which was 
obtained was resuspended in 10 mM Tris-HCl, pH 7.5, 1 
mM EDTA, and 0.1 % SDS at a concentration of 4 ug/ml and 
used directly for quantitation of COX-1 and COX-2 mRNAs 
by RT-PCR. 

The quantitative RT-PCR technique employs pairs of 
synthetic oligonucleotides which will specifically amplify 
cDNA fragments from either COX-1, COX-2, or the control 
mRNA glyceraldehyde-3-phosphate-dehydrogenase 
(G3PDH). The synthetic oligonucleotides are described in 
Maier, Hla, and Maciag (J. Biol. Chem. 265: 10805-10808 

(1990) ); Hla and Maciag (J. Biol. Chem 266: 24059-24063 

(1991) ); and Hla and Neilson (Proc. Natl. Acad Set., (USA) 
89: 7384-7388 (1992)), and were synthesized according to 
the following sequences: 

Human COX-1 specific oligonucleotides 

y-TGCCCACCTCOXKSCaXKXXJCrr-y SEQ. ID. NO:l: 
y-GTGCATCAACACAGGCGCCTCTTC-3' SEQ. ID. NO:2: 



Human COX-2 specific oligonucleotides 

5 , -7TCAAATGAGATTGlXMKJAAAATTGCT-3' SEQ. ID. NO:3: 
^AGATC^CTCTCKXTCAGTATCrT-J SEQ. ID. NO;4: 



Human glyceraldebyde-3-phosphate dehydrogenase spe- 
cific oligonucleotides 

5CCACXrATGGCAAArTCCATGGCA-3' SEQ. ID. NO:5: 
^-TCTAGACGGC^GGTCACCrrrcACC-B' SEQ. ID. NO.6: 
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Hie RT-PCR reactions were carried out using a KT-PCR 
kit from CETUS-PERKIN ELMER according to the manu- 
facturers instructions. Bricflly, 4 ug of osteosarcoma total 
RNA was reverse transcribed to cDNA using reverse tran- 
5 scriptase and random hexamers as primers for 10 min at 23° 
C„ 10 min at 42° C, followed by an incubation at 99° C for 
5 min. The osteosarcoma cDNA sample was split into three 
equal aKquots which were amplified by PCR using 10 pmol 
of specific oligonucleotide pairs for either COX-1, COX-2, 
10 or G3PDH. The PCR cycling program was 94° C. for 1 min, 
55° C for 1 min, and 72° C. for 1 min. After the twentieth, 
twenty-fifth, and thirtieth cycle an aliquot was removed 
from the reaction mixture and stopped by the addition of 5 
mM EDTA. Control reactions included RT-PCR reactions 
15 which contained no RNA and also reactions containing RNA 
but no reverse transcriptase. 

Following RT-PCR the reactions were clectrophoresed 
through a 1.2 % agarose gel using a Tris- sodium acetate- 
EDTA buffer system at 110 volts. The positions of PCR- 
20 generated DNA fragments were determined by first staining 
the gel with ethidium bromide. The identity of the amplified 
DNA fragments as COX-1, COX-2, or G3PDH was con- 
firmed by Southern blotting, using standard procedures. 
Nitrocellulose membranes were hybridized with radiola- 
25 belled COX-1, COX-2, or G3PDH-specific probes. Hybrid- 
ization of the probes was detected by autoradiography and 
also by deierrnming the bound radioactivity by cutting strips 
of the nitrocellulose which were then counted by liquid 
scintillation counting. 
30 The RT-PCRySouihern hybridization experiment demon- 
strated that COX-2 mRNA is easily detected in osteosar- 
coma cell total RNA. No COX-1 cDNA fragment could be 
generated by PCR from osteosarcoma cell total RNA, 
although other mRNA species such as that for G3PDH are 
35 detected. These results demonstrate that at the sensitivity 
level of RT-PCR, osteosarcoma cells express COX-2 mRNA 
but not COX-1 mRNA. 
Western blot of U-937 and 143.98.2 cell RNA 
We have developed a rabbit polyclonal antipeptide anti- 
40 serum (designated MF- 1 69) to a thyroglobulin-conjugate of 
a peptide corresponding to amino acids 589-600, inclusive, 
of human cyclooxygenase-2. This amino acid sequence: 

Asp-Asp-lle-Asn-Prc~Tru*-Val-^^ 
(also identified herein as SEQ. ID. NO:7:) has no similarity 
45 to any peptide sequence of human cyclooxygcnase-1. At a 
dilution of 1:150, this antiserum detects by immunoblot a 
protein corresponding to the molecular weight of cyclooxy- 
genase-2 in microsomal preparations from osteosarcoma 
143 cells. The immunoblot procedure used for these studies 
50 has previously been described (Reid et at, 1 Biol Chenu 
265: 19818-19823 (1990)). No band corresponding to the 
molecular weight of cyclooxygenase-2 is observed using a 
1:150 dilution of pre-immune serum from the rabbit used to 
raise antiserum Furthermore, a band corresponding to the 
55 molecular weight of cyclooxygenase-2 is observed by 
immunoblot in microsomal preparations of osteosarcoma 
143 cells using a 1:150 dilution of a commercially available 
polyclonal antiserum against cyclooxygenase-2 (CAY- 
MAN). This antiserum is reported to not cross-react with 
60 cyclooxygenase-1. These results clearly demonstrate that 
osteosarcoma 143 cells express cyclooxygenase-2. Further- 
mores immunoblot analysis with these anu'sera and northern 
blot analysis using a COX-2-specific probe demonstrated 
that levels of cyclooxygenase-2 protein and the correspond- 
65 mg mRNA increase in osteosarcoma 143 cells as they grow 
past confluence. Within a 3-hour period, and in the presence 
of 1% serum, human recombinant ILl-cc (10 pg/ml; R and 
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D systems Inc.) human recombinant BL1-P (10 pgfal; R and 
D systems Inc.), human EGF (15 ng/inl ;C ALBIOCHEM) 
and conditioned medium from cells grown beyond conflu- 
ence also increased levels of PGE^ synthesis by osteosar- 
coma 143 cells in response to arachidonic acid, relative to 
cells grown in the absence of these factors. 

EXAMPLE 4 

IDENTIFICATION BY NORTHERN BLOT 
ANALYSIS OF CELL LINES EXPRESSING 
EITHER COX 1 OR COX 2 EXCLUSIVELY 

Northern blot analysis was used to determine that U-937 
cells express only COX-1 mRNA whereas osteosarcoma 
143.98,2 expresses only COX-2 mDNA This was accom- 
plished by first cloning human Cox-2 cDNA from total RNA 
of the human 143 osteosarcoma cell line. Total RNA was 
prepared from approximately 1x10 s 143 osteosarcoma cells 
using 4M guamdinium isothiocyanate (Maniatis, et al. 
(1982) Molecular Cloning, Cold Spring Harbor). Oligo- 
nucleotide primers corresponding to the 5' and 3« ends of 
the published Cox-2 cDNA sequence (Hla and Neilson, 
(1992) Proc. Natl Acad! ScL t USA 89, 7384-7388) were 
prepared and are shown below. 

HCOX-l 5X^XXX3ArOC^CGCCCGCOCCXn'G3 , STrimcr 
HCOX-2 5tTTCTACAGTTCAGTCGAACC5TTC3' 3"Primcr 

These primers (also identified hereinunder as SEQ. ID. 
NO:8: and SEQ. ID, NO:9: respectively) were used in a 
reverse transcriptase PCR reaction of 143 osteosarcoma total 
RNA. The reaction contained 1 og of 143 osteosarcoma total 
RNA, which was first reverse transcribed using random 
hexarners and reverse transcriptase (Maniatis, et al. (1982) 
Molecular Cloning, Cold Spring Harbor). The products from 
this reaction were then amplified using the HCOX-l and 
HCOX-2 primers described above and Taq polymerase 
(Saflci, et al. (1988) Science, 239, 487-^88). The conditions 
used for the amplification were 94° C. for 30 sec, 55° C. for 
30 sec and 72° C. for 2 min 15 sec for 30 cycles. The 
amplified products were run on a 1% low melt agarose gel 
and the 1 .9 kb DNA fragment corresponding to the predicted 
size of human COX-2 cDNA was excised and recovered. An 
aliquot of the recovered COX-2 cDNA was reamplified as 
described above (no reverse transcriptase reaction), the 
amplified products were again run on a 1% low melt agarose 
gel and recovered. 

By standard procedures as taught in Maniatis, et al. (1 982) 
Molecular Cloning, Cold Spring Harbor, this 1.9 kb DNA 
fragment was cloned into the Eco RV site of pBIuescript KS 
(obtained from STRATAGENE) and transformed into com- 
petent DH5ot bacteria (obtained from BRL) and colonies 
selected on LB agar/ampicillan overnight Three clones 
giving the correct Pst I and Hinc II restriction digestions for 
human COX-2 cDNA were sequenced completely and veri- 
fied to be correct This was the first indication that the human 
143 osteosacoma cell line expressed COX-2 mRNA. 
Northern Analysis 

Total RNA from various cell lines and tissues were 
prepared using the guanidirrium isothiocyanate method as 
described above (Maniatis, et al. (1982) Molecular Cloning, 
Cold Spring Harbor). Poly A+ RNA was prepared using 
oligo dT cellulose spin columns (Maniatis, et al. (1982) 
Molecular Cloning, Cold Spring Harbor). The RNA, 10 ug 
of total or 5 ug of U937 Poly A+ were dectrophoresed on 
0.9% agarose 2.2M formaldehyde gels (Maniatis, et al. 
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(1982) Molecular Cloning, Cold Spring Harbor). After elec- 
trophoreses the gel was washed 3 times for 10 minutes each 
with distilled water and then two times for 30 minutes each 
in 10XSSC (1XSSC=0.15M Nad and 0.015 m sodium 
5 citrate). The RNA was transferred to nitrocellulose using 
capillary transfer (Mamatis, et al. (1982) Molecular Clon- 
ing, Gold Spring Harbor) overnight in 10XSSC The next 
day the filter was baked in a vacuum oven at 80* C. for 1.5 
hrs to fix the RNA onto the nitrocellulose. The filter was then 
10 eqirilibriated in pre-hybridization buffer (50% form amide, 
6xSSC 50 mM sodium phosphate buffer pH 6.5, 10 x 
Denhardts solution, 0.2% SDS and 250 ug/ml of sheared and 
denatured salmon sperm DN A) for approximately 4 hours at 
40° C The COX-2 cDNA probe was prepared using 32 P 
15 dCTP and random hexamer priming with T7 DNA poly- 
merase using a commercial kit (Pharmacia). Hybridization 
was carried out using the same buffer as for pre-hybridiza- 
tion plus 1-3x1 0 s cpm/ml of denatured COX-2 cDNAprobe 
at 40° C overnight The blots were washed two times in 
20 IxSSC and 0.5% SDS at 50° C. for 30 minutes each, 
wrapped in saran wrap and exposed to Kodak XAR film with 
screen at -70° C. for 1 -3 days. The same blots were stripped 
of COX-2 probe by putting them in boiling water and letting 
it cool to room temperature. The blot was re-exposed to film 
25 to ensure all hybridization signal was removed and then 
pre-hybridized and hybridized as described above using 
human COX-1 cDNA as probe. The human COX-1 cDNA 
was obtained from Dr. Colin Funk, Vanderbilt University, 
however the sequence is known in the ait. See Funk, C D., 
30 Funk, L. B., Kennedy, M. E.» Pong, A. S., and Fitzgerald, G. 
A. (1991), FASEB J, 5 pp 2304-2312. 

Using this Northern blot procedure applicants have estab- 
lished that the human 143 osteosarcoma cell line RNA 
hybridized only to the Cox-2 probe and not to the Cox-1 
35 probe- The size of the hybridizing band obtained with the 
Cox-2 probe corresponded to the correct size of Cox-2 
mRNA (approximately 4 kb) suggesting that 143 osteosar- 
coma cells only express Cox-2 mRNA and no Cox- 1 mRNA. 
This has been confirmed by RT-PCR as described above. 
40 Similarly, the human cell line U937 Poly A+ RNA hybrid- 
ized only to the Cox-1 probe and not to the Cox-2 probe. The 
hybridizing signal corresponded to the correct size for Cox- 1 
mRNA (approximately 2.8 kb) suggesting that U937 only 
express Cox-1 mRNA and not Cox-2. This was also con- 
45 firmed by KT-PCR, since no product was obtained from 
U937 Poly A+ RNA when Cox-2 primers were used (see 
above). 

EXAMPLE 5 

50 

Human CycIooxygenase-2 cDNA and Assays for 
Evaluating Cyclooxygenase-2 Activity Examples 
demonstrating expression of the Cox-2 cDNA 

55 Comparison of the Cox-2 cDNA sequence obtained by 
RT-PCR of human osteosarcoma total RNA to the published 
sequence (Ma, Neilson 1992 Pwc. NatL Acad. ScL USA, 89, 
7384-7388), revealed a base change in the second position 
of codon 165. In the published sequence codon 165 is GGA, 
coding for the amino acid glycine, whereas in the osteosa- 
rcoma Cox-2 cDNA it is GAA coding for the amino acid 
glutamic acid. 

lb prove that osteosarcoma Cox-2 cDNA codes for 
glutamic acid at position 165 we repeated RT-PCR ampli- 
65 fication of osteosarcoma Cox-2 mRNA; amplified, cloned 
and sequenced the region surrounding this base change from 
human genomic DNA; and used site directed mutagenesis to 
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change Cox-2 gJul6S to Cox-2^ I65 and compared there 
activities after transfection into COS-7 cells. 

1. RT-PCR of Cox-2 mRNA from Human Osteosarcoma 
total RNA. 

A 300 bp Cox-2 cDNA fragment that includes codon 165 
was amplified by RT-PCR using human osteosarcoma 143 
total RNA. Two primers: 

Hcox-13 StXTTCCrrCCAAArGCAArTA3' SEQ. ID. NO: 12: 

Hcox-14 yAAACTGATGCGTGAAGTGCTGB' SEQ. ID. NO: 13: 

were prepared that spanned this region and were used in the 
PCR reaction. Briefly, cDNA was prepared from 1 jig of 
osteosarcoma 143 total RNA, using random priming and 
reverse transcriptase (Maniatis et aL, 1982, Molecular Clon- 
ing r Cold Spring Harbor). This cDNA was then used as a 
template for amplification using the Hcox-13 and Hcox-14 
primers and Taq polymerase (Said, et aL 1988, Science, 238, 
487-^88). The reaction conditions used were, 94* C. for 30s, 
52° C for 30s and 72° C. for 30s, for 30 cycles. After 
electrophoresis of the reaction on a 2% low melt agarose gel, 
the expected 300 bp amplified product was obtained, excised 
from the gel and recovered from the agarose by melting, 
phenol extraction and ethanol precipitation. The 300 bp 
fragment was Hgated into the TAII cloning vector (Invitro- 
gen) and transformed into £ Coli (INVaF) (Invitrogen). 
Colonies were obtained and 5 clones were picked at random 
which contained the 300 bp insert and sequenced. The 
sequence of codon 165 for all 5 clones was GAA (glutamic 
acid). Since the DNA sequence amplified was only 300 bp 
and the Taq polymerase has quite high fidelity for amplifi- 
cation of smaller fragments and its the second amplification 
reaction in which GAA was obtained for codon 1 65 confirms 
that Cox-2 mRNA from osteosarcoma has GAA for codon 
165. 

2. Amplification of Cox-2 codon 165 region from genomic 
DNA. 

To confirm that the osteosarcoma Cox-2 sequence was not 
an artefact of the osteosarcoma cell line and that this 
sequence was present in normal cells, the DNA sequences 
containing codon 165 was amplified from human genomic 
DNA prepared from normal blood. The primers used for the 
amplification reaction were Hcox-13 and Hcox-14. The 
genomic organization of lhc human Cox-2 gene has not yet 
been determined. Using mouse Cox-2 gene organization as 
a model for the exon-intron positioning of the human Cox-2 
gene would place primer Hcox-13 in exon 3 and Hcox-1 4 in 
exon 5. The size of the amplified product would be around 
2000 bp based on the mouse Cox-2 gene organization. The 
PCR reaction contained 1 ug of human genomic DNA, 
Hcox-13 and Hcox-14 primers and Taq polymerase. The 
reaction conditions used were 94° C for 30s, 52° C. for 30s 
and 72° C. for 45s, for 35 cycles. An aliquot of the reaction 
products was separated on a 1% low melt agarose gel. There 
were however a number of reaction products and to identify 
the correct fragment, the DNA was transferred to a nylon 
membrane by southern blotting and probed with a P-32 
labelled human Cox-2 internal oligo. 

Hcox-17 5t}AGArTGTGGOAAAATTGCrT3' SEQ. ID. NO: 14: 

Hybridization was to a 1.4 kb DNA fragment which was 
recovered from the remainder of the PCR reaction by 
electrophoresis on a 0.8% low melt agarose gel as described 
above. This fragment was Hgated into the TAII cloning 
vector (Invitrogen) and used to transform bacteria (as * 
described above). A clone containing this insert was recov- 
ered and sequenced. The sequence at codon 165 was GAA 
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(glutamic acid) and this sequence was from the human 
Cox-2 gene since the coding region was interrupted by 
introns. (The 3' splice site of intron 4 in human is the same 
as the mouse). This is very convincing evidence of the 
5 existancc of a human Cox-2 having glutamic acid at position 
165. 

3. Cox-2 glltl65 vs Cox-2 glyl6S Activity in Transfected Cos-7 
cells 

To determine if Cox-2 gtul6S has cyclooxygenase activity 

10 and to compare its activity to Cox-2 tJEylft5 , both cDNA 
sequences were cloned into the eukaryotic expression vector 
pcDNA-1 (Invitrogen) and transfected into COS-7 cells (see 
below). Activity was determined 48 h after transfection by 
incubating the cells with 20 uM arachadonic acid and 

15 measuring PGEj production by HA (Cayman). The Cox- 
\ty\ts sequence was obtained by site directed mutagenesis 
or Cox-2- /uia5 . Briefly, single stranted KS+ plasmid (Strat- 
agene) DNA containing the Cox-2 gIu6S sequence cloned into 
the £co RV site of the multiple cloning region was prepared 

20 by adding 1 ml of an overnight bacterial culture (XL-1 Blue 
(Stratagene) containing the COX-2 plasmid) to 100 ml of 
LB ampicillian (100 ug/ml) and grown at 37° C. for 1 hr. 
One ml of helper phage, M13K07, (Pharmacia) was then 
added and the culture incubated for an additional 7 hrs. The 

25 bacteria was pelleted by centrifugation at 10,000xg for 10 
nun, Va volume of 20% PEG, 3 JSM ammonium acetate was 
added to the supernatant and the phage precipitated over- 
night at 4° C The single stranded phage were recovered the 
next day by centrifugation at 17,000xg for 15 min, after an 

30 additional PEG precipitation the single stranded DNA was 
prepared from the phage by phenol and phenolxhorofonn 
extractions and ethanol precipitation. The single stranded 
DNA containing the Cox~2 gtul6s sequence was used as 
template for site directed mutagenesis using the T7-GEN in 

35 vitro mutagenesis kit from U.S. Biochemical. The single 
stranded DNA (1.6 pmoles) was annealed to the phospho- 
rylated oligo HCox-17 (16 pmoles), which changes codon 
165 from GAA to GGA and the second strand synthesis 
carried out in the presence of 5-Methyl-dC plus the other 

40 standard deoxynucleoside triphosphates, T7 DNA poly- 
merase and T4 DNA ligase. After synthesis the parental 
strand was nicked using the restriction endonuclease Msp 1 
and then removed by exonuclease ID digestion. The methy- 
lated mutated strand was rescued by transformation of E. 

AS coli mcAB-. Colonies were picked, sequenced and a number 
of clones were obtained that now had GGA for codon 165 
instead of GAA. This Cox- 2^,^ sequence was released 
from the bluescript KS vector by an Eco RI-Hind in 
digestion, recovered and cloned into the eukaryotic expres- 

50 sion vector pcDNA-1 (Invitrogen) which had also been 
digested with Eco RI-Hind HI. The Cox-2^ I63 sequence, 
was also cloned into the pcDNA-1 vector in the exact same 
manner. The only difference between the two plasmids was 
the single base change in codon 165. 

55 The COX-2 pcDNA-1 plasmids were used to transfect 
Cos-7 cells using a modified calcium phospatc procedure as 
described by Chen and Okyama (Chen, C A. and Okyama, 
H. 1988. Biotechniques, 6, 632-638). Briefly, 5x10 s Cos-7 
cells were plated in a 10 cm culture dish containing 10 ml 

60 media The following day one hour before transfection the 
media was changed. The plasmid DNA (1-30 ul) was mixed 
with 0.5 ml of 0OJ25M Ca0 2 and 0.5 ml of 2xBBS (50 mM 
N-, N-Bis(2-hydroxeAyl)-2-ammo^ thanes ulfonic acid, 280 
mM NaCl, \5 mM NajHPO^ and incubated at room 

65 temperature for 20 min. The mixture was then added drop- 
wise to the cells with swirling of the plate and incubated 
overnight (15-1 8 hrs) at 35° C in a 3% C0 2 incubator. The 
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next day the media was removed, the cells washed with PBS, 
10 ml of fresh media added and the cells incubated for a 
further 48 hrs at 5% CO r 37° C. 

The cells were transfected with 2.5, 5 or 10 ng of 
Cox-2 glul a/pcDN A- 1 or Cox-2^ 1G5 /pcDNA-l. Two plates 
were used for each DNA concentration and as a control the 
cells were transfected with pcDN A- 1 plasmid. After 48 h the 
media was removed from the cells, the plates washed 3x 
with Hank's media and then 2 ml of Hank's media contain- 
ing 20 uM arachadonic acid was added to the cells. After a 
20 min incubation at 37° C the media was removed from the 
plate and the amount of PGRj released into the media was 
measured by HA The PGEj EEA was performed using a 
commercially available kit (Caymen) following the manu- 
facturers instructions. Shown in Table QI is the amount of 
PGEz released into the media from Cos-7 cells transfected 

with pcDNA-1, Cos-7 transfected with Cox-2 glul6S / 
pcDNA-1 and Cos-7 transfected with Cox-2^ 165 /pcDNA- 
1. Depending on the amount of DNA transfected into the 
Cos-7 cells, Cox-2 Afal65 is 1.3 to 2.3 times more active than 
Cox-2 glyl6S . 

TABLE ID . 

Level of PGBg pg/ml released from transfected Cos-7 cells 

2.5 5.0 10.0 
Amount of Transfected DNA (pg) PGEj pg/ml 

Co*-7 + COT-^^/pcDNAl 1120 2090 4020 

Co*-7 + Cc*-2^ ia5 /pcDNAl 850 12S0 1770 



Cov7 or Cos-7 + pcDNAl (5 pg)< 3.9 pg/ml PGE^ 



